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Tucumán, Tucumán, Argentina. georeferenced values obtained from glUV datasets. The maps processed by QGIS ( Fig. 1) 1 4 6 indicated the existence of three groups according the UV-exposure regimes: High (UV High ), Mid (UV Mid ) and low-exposed (UV Low ). Belonging to the first group, Lake Diamante red 1 4 8 geographic conditions (latitude, altitude, and orography) did not change considerably in 1 7 4 those sampled regions for decades. In addition, the intensity of solar irradiation over each 1 7 5 microbiome will also depend on their on-site spatial disposition being maximum for 1 7 6 samples taken from soils or shallow water of lakes, springs, oceans and streams but much 1 7 7 lower in sediments, groundwater or deep water. Using the solar irradiation data, we assessed the effect of UV-B in microbiomes 1 7 9 exposed to different intensity/time of insolation. The response variables evaluated were 1) 2). In microbiomes exposed to intensities below 4000 J/m 2 /day, species richness oscillates 1 8 7 within a wide range (11-103) while SS microbiome with intensities above 8000 J/m2/day 1 8 8 only had 21 species. Shannon index indicated poor diversity on the three microbiomes of 1 8 9 the UV High group. All UV High samples and HT (UV Mid sample) presented the lower indices 1 9 0 of the whole study. Quantitative analysis of the UV-metaresistome. In order to evaluate the 1 9 2 abundance of the UV resistance genes in the complete set of microbiomes, a database of 1 9 3 such genes was built using Uniprot sequences linked to KEGG orthology numbers, which 1 9 4 allowed us to assemble the metabolic pathways. The resulting abundances for each gene 1 9 5 and metabolic pathway were analyzed (Table S1-S7) together with the abundance for each 1 9 6 DNA repair/photoprotection strategy ( Fig. 3 ). Microbial communities of the UV High group, TB and SS, reported the largest 1 9 8 number of functions together with the highest abundance of the whole set of functions (UV-1 9 9 metaresistome). The case of DM microbiome is interesting as despite being the most 2 0 0 exposed environment, its microbiome presented the lowest diversity of resistance strategies. Halorubrum sp., which constitutes the dominant genus detected by the taxonomic analysis 2 0 3 performed on DM microbiome ( Fig. 7) , lack the type of polymerase proposed by KEGG in 2 0 4 NER and BER pathways. KEGG prokaryote models for NER and BER establish DNA to be present in the genus, which probably uses another. This fact is evidenced by a gene 2 0 7 (K02335) abundance of one or two orders of magnitude lower in DM compared with the 2 0 8 rest of microbiomes (Table S1 and S3) . Moreover, a rapid blast of K02335 linked 2 0 9 sequences of Swiss-Prot against Halorubrum sp. genomes from the NCBI does not show 2 1 0 any significant alignment. As the NER and BER pathways require DNA polymerase I 2 1 1 (K02335) to be considered existent in our metagenomic analysis, they are not visible in the 2 1 2 DM stacked bar. In the case of Homologous Recombination pathway, we also used as a 2 1 3 reference the prokaryotic set of genes proposed by KEGG, while is known that Archaea 2 1 4 uses a different one (Seitz et al., 1998; Rzechorzek et al., 2014) . Finally, It was already SS was the community that had the whole set of molecular resistance pathways, 2 1 8 even for those resistance mechanisms poorly represented or null in others. It is noteworthy 2 1 9 the abundance of Ectoine Biosynthesis (180 e -02 RPKG) representing 20.29% of the SS 2 2 0 metaresistome. This function has only a limited presence in RA (17 e -02 RPKG) with a 2 2 1 1 1 contribution of 2.44%. Ectoine is a compound synthetized by bacteria in response to high 2 2 2 salinity, which helps on the hydration of proteins and cell membranes, while used as an (MMR) were also noticed in the SS microbiome, with an abundance of 47 e -02 RPKG and a 2 2 6 representativeness of 5.37% of the metaresistome. This mechanism of DNA repair has little 2 2 7 or no presence in the rest of the microbiomes. The distribution of CPF genes in the three-irradiation groups followed an ecological 2 2 9 significant pattern: they were flagrant in microbiomes with UV High and UV Mid , while 2 3 0 insignificant or null in communities with UV Low or null exposure -OK and GU respectively. In DM CPF genes became more than relevant. Their abundances were 249 e -02 RPKG, 2 3 2 which were greater than in the rest of the microbiomes. Furthermore, they contribution to 2 3 3 the DM metaresistome was 68.40%, the highest of the whole study followed by RA with 2 3 4 34.14%. The relationship between abundance of CPF and intensity/time of insolation was to an outstanding abundance of this class of genes. We had previously mentioned that RA has the longest photoperiod of the study, so we set out to verify if there is a relationship 2 4 0 between the abundance of CPF and the photoperiod. In addition, this work reports three extra clades not identified so far and called as 2 5 3 unidentified I, II and III (UI, UII and UIII) with 41%, 88% and 96% of bootstrap support, 2 5 4 respectively. In total, these groups represent 24.76% of the global sequences. Fig. 6 shows 2 5 5 the distribution of each subfamily by microbiome. Interestingly, the clades UI and UII have 2 5 6 most of their components coming from a single microbiome; 85.7% of UI is constituted by 2 5 7 sequences from the RA microbiome while 87.5% of UII corresponds to MT sequences. It is 2 5 8 possible to observe that UI subfamily is the unique in DM and is dominant in RA, both 2 5 9 communities with the highest peak of CPF abundance. Furthermore, UI and UII clades 1 3 followed a pattern of affinity for light, being abundant in SS and TB communities 2 6 8 (UVB High ), AM (UVB Mid ) and RA (longest photoperiod).
6 9
Taxonomic identification of each gene was carried out using the BLAST algorithm. obtained for each microbiome through MetaPhlAn. The CPF sequences that were grouped 2 7 2 together with their homologue with an identity lower than 70% by BLAST were clustered was registered at MT, with barely 23% of the sequences being assigned to some genus. This may be because the community itself has a poorly referenced diversity (top bar). Despite this, MT had the greatest diversity of genus (12) assigned to CPF along with SS 2 8 0 and RA (11 each). with CPF genes and it represents less than 4% of the community. Finally, Escherichia which has an abundance of just 0.44% was the unique CPF contributor in GU. Neither in This suggests that the microbes with full capacity to defend themselves against UV-B rays 3 0 9 become dominant, relegating others to a less substantial place in the community. By performing quantitative metagenomics we evaluated diversity and abundance of 3 1 1 each DNA repair/photoprotection pathway in all the communities (Fig. 3) . SS proved to be 3 1 2 the most diverse as contains the complete set of pathways, even with a nearly equitable The SS microbiome, which is the most complex and diverse of those belonging to 3 2 3 UV High group, it is also complex and diverse in its way of defending itself against UV-B. and unfavorable environmental conditions. Ectoine is also known for its practical use for stress caused by UV (Buenger and Driller, 2004; Botta et al., 2008; Sajjad et al., 2018) . It is remarkable that SS were singular in regard to his significant presence of ectoine synthase, 3 3 5 since this fact is compatible with the stressful environment in which it was sampled, including high salt concentration in the close hypersaline Socompa lake (17%) and high 3 3 7 exposure to UV irradiation leading to high osmotic and oxidative stress respectively. Further study of how ectoine contributes to the functioning of these microbial communities clear that the major process influencing evolution in DNA is MMR (Džidić et al., 2003) . It abundance of this pathway by the SS community may be beneficial as it can provide high 3 5 0 mutation-rates in these communities through cycles of lose-and-reacquire of the mut genes, TB, DM and RA also show signs of genomic adaptation to radiation. TB was the 3 5 3 third most exposed microbiome which showed a high abundance of gene copies assigned to 3 5 4 6 of the 7 pathways examined, DM is a different case, since in spite of being the first in be due to taxonomical and technical biases. As mentioned above, the community is dominated by the archaeon Halorubrum sp., which uses a different polymerase from that pathways invisible in our search, although it is very likely that both exist because they are 3 6 0 important DNA repair systems in Archaea (Grasso and Tell, 2014; Grogan, 2015) . Additionally, HR pathway was not detected because the respective archaeal genes were not 3 6 2 used. On the other hand, MMR is a type of DNA repair that has not been reported for the 3 6 3
Euryarchaeota phylum, including Halorubrum sp. We believe that a same analysis we The relevance of CPF in the ecology of microbial communities becomes more 3 6 8 evident when its tendency along UV-B intensity gradients and photoperiod is studied ( Fig.   3  6  9 4). Our study reveals a rising trend of CPF abundance in microbial communities as their 3 7 0 environments receive greater radiation or day duration extends. This is likely due to an 3 7 1 increase in DNA damage caused by UV-B, which are mainly pyrimidine dimers. In such a 3 7 2 situation, populations could increase the expression of CPF by increasing the gene copy number. In addition, those species of the community, which lack CPF in their genome, 3 7 4 would be replaced by species that contain these genes. In either case, the overall increase in 3 7 5 CPF copy abundance would indicate that the community improves its defense capabilities 3 7 6 against UVB using the highly efficient mechanism of photoreactivation or modulating 3 7 7 enzymatic mechanisms triggered by light sensing by cryptochromes. The CPF group of proteins comprises mostly genes of photolyases with different 3 7 9 specializations, and cryptochromes whose functions are largely unknown. The family has 3 8 0 been divided into different subgroups considering phylogeny, kind of chromophore, 3 8 1 specialization, host organism, structure, etc. After assembling the reads and aligning the sequences corresponding to CPF, we were able to classify our sequences in the main 3 8 3 subgroups discovered to date and we also detected the presence of other unknown 3 8 4 subgroups (Fig. 5) . It is interesting that the sum of the sequences belonging to these last 3 8 5 unknown groups comprise approximately a quarter of the total, thus offering us a large pool 3 8 6 of candidates for new functions, specializations or molecular specificities. As already mentioned, the unique photolyase present in DM belongs to clade UI 3 8 8 (Fig. 6) , apparently novel and also present in RA. We already know that DM and RA are 3 8 9 the samples with the highest radiation intensity and the highest photoperiod respectively. Apparently, Halorubrum sp., the sole organism detected by our analysis in DM, could cope 3 9 1 with UV-B mainly using this photoreceptor without any other complement from the CPF 3 9 2 family. We propose this gene as a candidate to further studies of photoreactivation, 3 9 3 characterization and molecular structure analysis in order to shed light on this portion of the 3 9 4 phylogenetic tree of CPF which has not been studied yet. It is a fact the presence of the Cry-DASH class in SS, TB, AM and RA while of reported in previous works that these cryptochromes are in fact photolyases with affinity 3 9 8 for single-stranded DNA and in some cases RNA (Selby and Sancar, 2006) . It is possible Another interesting fact is that CPF and thus photoreactivation are usually present 4 0 8 in the most abundant organisms of the UV High microbiomes (Fig. 7) . In addition, SS and This work showed the correlation of high UV exposure of a given microbiome with 4 1 7 its low microbial diversity and high specific UV-resistance molecular components in a was observed in response to higher radiation intensities. A downward trend in microbial 4 2 0 diversity and an upward trend of CPF abundance were consistently observed as UV-B 4 2 1 irradiation increases. Likewise, cryptochrome-like genes were found abundant in most 4 2 2 exposed microbiomes indicating a complementary role to standard photolyases. Also, we microbiomes, suggesting an evolutionary important force for survival and dominance in 4 2 5 highly irradiated environments. In accordance, this work reported three novel CPF clades 4 2 6 not identified in previous analyses. The datasets were processed using QGIS (www.qgis.org) and worldwide colored 4 5 0 maps were generated by month. The maps were employed to select potential samples to be 4 5 1 analyzed from different world places according to a visual criteria of irradiance. The The metagenomes selected from NCBI using biosample information were the 4 5 7
following, each one with its respective SRA entry: Lake Diamante (ERR1824222) human gut is assumed as UVB free environment, acting as a negative control. yielded a range between 0.64 and 13.66 Gb for further analysis (Table 1) . Only TB and AM however the low-merged dataset from OK was also used for downstream steps as it ended 4 7 2 with a reasonable size (between the range mentioned above). MEGAHIT (Liu et al., 2015) Orthology number corresponding to our pathway of interest was linked with the UniProt 4 9 9
database, and then filtered results by EC number, known molecular function or biological Genomes)÷Gene Length.
0 5
The protein families and pathways chosen fall in two UV-resistome subsystems: headers of each file were labeled with the name of its respective gene and then files were merged in a single one. and quantify the abundance of the genes in the different metagenomes, the preprocessed 5 2 1 unpaired reads were aligned against the UV-resistant reference database created before. The through MicrobeCensus v1.1.0 (Nayfach and Pollard, 2015) .
2 7
The abundance of the complete pathways was quantified in a following manner.
2 8
First the pathways were divided in several component reactions or steps according to 5 2 9
KEGG pathway maps and added the abundances of the genes that catalyze the same step 5 3 0
with the porpoise of compute the abundance for each step separately. Then, was selected 5 3 1 the step with the minimum value as the representative value for the whole pathway ( Table   5 3 2 S1-7). In the case of carotenoid biosynthesis pathway, was added all the abundances species-level. It relies on ~1M unique clade-specific marker genes identified from ~17,000 5 3 8 reference genomes (~13,500 bacterial and archaeal, ~3,500 viral, and ~110 eukaryotic).
3 9
Shannon diversity index was obtained with Vegan 2.5-2 R package. built earlier. Alignment parameters were 50% identity, 70% query coverage and e < 10 -5 .
4 4
The retrieved files coming from each metagenome were modified at the sequence headers 5 4 5
to hold the name of its respective metagenome. Next, all files were merged in a single one 5 4 6
and filtered by sequence length > 400 residues.
4 7
The filtered sequences were used for a phylogenetic analysis. The phylogenetic tree 
